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(54) PRODUCTION OF SILICON SINGLE CRYSTAL HAVING FEW CRYSTAL DEFECT AND SILICON SINGLE 
CRYSTAL OBTAINED BY THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a silicon single crystal by a Czochralski method improved in withstand voltage 
of oxide film. 

SOLUTION: In this method for producing a silicon single crystal by a Czochralski method, a time in which the silicon 
single crystal to be grown passes a temperature range from 1 ,250''C to 1 ,200°C in crystal growth is adjusted to ^10 
minutes and ^20 niinutes. The single crystal is produced by such a method in this inventions. 
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♦ NOTICES ♦ 

JPO cmd NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of a silicon single crystal characterized by making it the time amount to which the silicon single 
crystal raised when manufacturing a silicon single crystal with the Czochrlski method passes through the temperature region from 
1 250 degrees C to 1 200 degrees C at the time of crystal growth become 20 or less minutes. - 

[Claim 2] The manufacture approach of a silicon single crystal characterized by making it the time amount to which the silicon single 
crystal raised when manufacturing a silicon single crystal with the Czochrlski method passes through the temperature region from 
1 250 degrees C to 1 200 degrees C at the time of crystal growth become 20 or less minutes 1 0 minutes or more. 
[Claim 3] The silicon single crystal manufactured by the approach indicated to claim 1 or claim 2. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of manufacturing the silicon single crystal by the Czochrlski method 

which has improved oxide film pressure-proofing by the sex from Takao. 

[0002] 

[Description of the Prior Art] The insulating oxide film of the gate polar zone of MOS-LSI is thin-film-ized more by detailed-ization 
of the component accompanying high integration of a semiconductor circuit in recent years, and it is required also in such a thin 
insulating oxide film at the time of device component actuation that withstand voltage is high and that leakage current should be small, 
i.e., the dependability of an oxide film is high. 

[0003] Oxide-film pressure-proofing of the silicon wafer manufactured from the silicon single crystal by this point and the Czochrlski 
method (it is called the Czochralski method and a following CZ process.) FZ method (it is called the Floating Zone method and an FZ 
method.) The remarkably low thing is known compared with oxide film pressure-proofing of the wafer manufactured from the silicon 
single crystal to twist, and the epitaxial wafer which grew up the silicon single crystal thin film on the wafer by the CZ process (it "- 
submicron -device- II(s)). The dependability of 3 gate oxide", Mitsumasa Koyanagi, Maruzen Co., Ltd., P70. 

[0004] The main causes of degrading oxide-film pressure-proofing in this CZ process are it having become clear that it is based on the 
crystal defect introduced at the time of silicon single crystal training, and reducing the rate of crystal growth extremely (for example, 
0.4 or less rnm/min), and it is known that oxide-film pressure-proofing of the silicon single crystal by the CZ process will also be 
remarkably improvable (for example, refer to JP,2-267195,A). However, although it can be improved by oxide-film pressure-proofing 
in having only reduced the rate of crystal growth to conventional 1 mm/min, as mentioned above 0.4 mm/min or less in order to 
improve oxide-film pressure-proofing, the productivity of a single crystal will become below one half, and the remarkable rise of cost 
will be brought about. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention was made in view of such a trouble, and aims at obtaining the silicon single 

crystal by tfie Czochrlski mefliod which has improved oxide film pressure-proofing by the sex from Takao. 

[0006] 

[Means for Solving the Problem] It is what completed this invention as a result of this invention persons' investigating and considering 
various relation between the heal history which the growth single crystal received at the time of the silicon single crystal growth by the 
CZ process, and the introduced crystal defect, in order to solve the above-mentioned technical problem. Invention indicated to claim I 
of this invention is characterized by making it the time amount to which the silicon single crystal raised in the approach of 
manufacturing a silicon single crystal, by the Czochrlski method passes through the temperature region from 1250 degrees C to 1200 
degrees C at the time of crystal growth become 20 or less minutes. Formation of the heat history at the time of growth of the silicon 
single crystal by such CZ process, then the defective nucleus of the crystal defect which degrades oxide-film pressure-proofing is 
checked, the crystal defect consistency introduced into a training single crystal can be decreased, and the improvement of oxide-film 
pressure-proofing of a silicon single crystal can be performed remarkably. And it is not necessary to use an approach which worsens 
the productivity of a single crystal of reducing the rate of crystal growth extremely, or making a fixed temperature field anneal, and 
since ultra high-speed raising is possible, the productivity of a single crystal can be raised by leaps and bounds. 
[0007] Moreover, invention indicated to claim 2 of this invention is characterized by making it the time amount to which the silicon 
single crystal raised in the approach of manufacturing a silicon single crystal, by the Czochrlski method passes through the 
temperature region from 1250 degrees C to 1200 degrees C at the time of crystal growth become 20 or less minutes 10 minutes or 
more. Thus, having limited the lower limit of time amount which passes through the temperature region from 1250 degrees C to 1200 
degrees C to invention of claim 1 specifies easily the range of invention which can be attained and which is made more suitable in 
training of the single crystal in the raising equipment by the general CZ process. Therefore, the range of invention indicated to claim 1 
by claim 2 is not limited. 

[0008] Furthermore, invention indicated to claim 3 of this invention is the silicon single crystal manufactured by the approach 
indicated to claim 1 or claim 2. By the approach indicated to said claim 1 and claim 2, since the defective nucleus of the crystal defect 
which degrades oxide-film pressure-proofing is hard to be formed primarily, the silicon single crystal which has improved oxide-film 
pressure-proofing certainly can be manufactured. 

[0009] Hereafter, although this invention is further explained to a detail, in advance of explanation, lessons is taken from each 
vocabulary, and it explains beforehand. 

1) K2Cr 207 after cutting down a wafer from the silicon single crystal rod after growth and etching and removing a surface distortion 
layer with the mixed liquor of ***♦ and a nitric acid in FPD (Flow Pattern Defect) A pit and a ripple pattern arise by etching a front 
face with the mixed liquor of fluoric acid and water. This ripple patterii is called FPD, and the defects of oxide-film pressure-proofing 
increase in number, so that the FPD consistency within a wafer side is high (refer to JP,4-1 92345,A). 

2) Cut down a wafer from the silicon single crystal rod after growth, and carry out cleavage of the wafer to LSTD (Laser Scattering 
TomographyDefect) after etching and removing a surface distortion layer with the mixed liquor of fluoric acid and a nitric acid. 
Incidence of the infrared light can be carried out from this cleavage plane, and the defect scattering light which exists in a wafer can be 
detected by detecting the light which came out from the wafer front face. About the scatterer observed here, it is a society etc., there is 
already a report, and it is regarded as the oxygen sludge (J. J.A.P. Vol.32, P3679, 1993 reference). 

[0010] The defect density of these [ FPD ] and LSTD is both considered to be an oxide-film proof-pressure degradation factor from 
there being a percent defective of oxide-film pressure-proofing and strong correlation. Therefore, in order to improve oxide-film 
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pressure-proofing of the silicon single crystal by the CZ process, it is necessary to decrease this FPD and a LSTD defect. 
[001 1] When this invention persons did low-speed growth, FPD and LSTD decreased why, and that it should solve whether oxide-film 
pressure-proofing becomes good, when the growth rate was made to change suddenly at a low speed from a high speed at the time of 
crystal growth under the structure in [ of two kinds such as an annealing mold and a quenching mold ] a furnace, the defect density of 
FPD and LSTD is not from the point changing [ growth rate ], and it was falling rapidly before [ it ] (existing growing region). This - 
location that changed changed with structures in a furnace, and was under quenching mold structure in between (A'B from point' point 
of drawing 1 (a)) about 19- 16cm before the point changing [ growth rate ] the same under annealing mold structure in between (from 
the A point of drawing 1 (a) to a B point) about 14-1 1cm before the point changing [ growth rate ]. However, it turned out that the 
crystal temperature equivalent to this location is equivalent to a 1 150 degrees C - 1080 degrees C temperature zone almost the same 
(refer to drawing 1 (b)). 

[0012] This means that the 1 150 degrees C - 1080 degrees C temperature zone under silicon single crystal growth influences as a* 
crystal defect dissipating stage. That is, if the growth rate of a single crystal is reduced extremely, since the crystal under growth will 
become [ pass time ] long in all temperature fields and the pass time of a 1 150 degrees C - 1080 degrees C temperature region will also 
become long as a result, when FPD and a LSTD defect pass through a dissipating stage, oxide-film pressure-proofing is improved. 
[0013] Therefore, if even pass time of a 1 150 degrees C - 1080 degrees C temperature region can be lengthened It is not extinguishing 
FPD and a LSTD defect, not lengthening pass time of other temperature fields, especially the high temperature region near [ which 
influences the rate of crystal growth directly ] the crystal growth interface, and making the temperature gradient near the growth 
interface tighter. Without dropping the productivity of a single crystal, without [ therefore ] making the rate of crystal grov^h into a 
low speed, it solved that the improvement of oxide-film pressure-proofing could be performed, and proposed previously (Japanese 
Patent Application No. No. 143391 [ seven to ]). 

[0014] However, although the dissipating stage of FPD and a LSTD defect which degrades oxide-film pressure-proofing as mentioned 
above solved, if it is unknown about these defective origination of nucleus and formation, this can be solved and formation of the 
defective nucleus itself can be controlled, the improvement of more perfect oxide-film pressure-proofing of the silicon single crystal 
by the CZ process can be aimed at. Moreover, although it is not necessary to compare with the former and to reduce a raising rate to 
the approach of annealing the temperature field of the above-mentioned regularity, so much, it is difficult to desire the raising rate 
beyond a practical question conventional method, and productivity. 

[0015] Then, while this invention persons investigated and solved the temperature field of the defective karyogenesis of the defect 
used as an oxide-film proof-pressure degradation factor itself further and controlling formation of a defective nucleus, the rate of 
crystal growth was conventionally made into the high speed, and it examined aiming at achievement of much more quality 
improvement of a silicon single crystal, and the sex from Takao. 

[0016] Carrying out the deer, this invention persons conducted the experiment which makes a growth rate change suddenly from 
medium speed to ultra high-speed fiirther at the time of crystal growth that this should be solved. Then, the defect density of FPD and 
LSTD is not from the point changing [ growth rate ], and it was increasing rapidly before [ it ] (existing growing region). This location 
that changed was in between (from C point to D point of drawing 2 (a)) about 22- 16cm before the point changing [ growth rate ]. And 
the crystal temperature equivalent to this location is equivalent to the 1 1 50 degrees C - 1080 degrees C temperature zone obtained 
from the above-mentioned experiment (refer to drawing 2 (b)). That is, from the crystal location which begins to quench a 1 150 
degrees C - 1080 degrees C temperature region, defect density was increasing and it has reconfirmed that the above-mentioned 
experimental result was right. 

[0017] However, when raising of a crystal was continued as it was, the behavior to which defect density decreases again after that was 
checked. The location where this defect decreased was in between (from E points to F points of drawing 2 (a)) about 12-9cm before 
the point changing [ growth rate ]. And it turned out that the crystal temperature equivalent to this location is a thing equivalent to a 
1250 degrees C - 1200 degrees C temperature zone (refer to drawing 2 (b)). 

[0018] It means that suppose that this is the formation fault of a crystal defect nucleus, and the 1250 degrees C - 1200 degrees C 
temperature zone under silicon single crystal growth influences. That is, the nucleus is formed in a 1250 degrees C - 1200 degrees C 
temperature field, and FPD and the LSTO defect which the oxide-film pressure-proofing introduced at the time of growth of a single 
crystal is degraded follow a dissipating stage in the temperature field which is 1 150 degrees C - 1080 degrees C. Therefore, in order to 
solve more certainly oxide-film pressure-proofing of the silicon single crystal by the CZ process and to make it not make the defective 
nucleus of FPD and LSTD form at the time of crystal growth, what is necessary will be to quench a 1250 degrees C - 1200 degrees C 
temperature region as much as possible, and just to shorten the pass time. 

[0019] That this should be checked, when this invention persons conducted the still more nearly same experiment under [ various ] the 
structure in a furnace and the relation between FPD defect density and the temperature region pass time to 1250 degrees C - 1200 
degrees C at the time of crystal grov^h was investigated, the result as shown in drawing 3 was obtained. When this drawing is seen, it 
turns out that the crystal with which the time amount which passes through the temperature region to 1250 degrees C - 1200 degrees C 
is unexceptional as the crystal for 20 or less minutes, there is little defect density, and oxide-film pressure-proofing has been improved 
is raised. Therefore, if the time amount which passes through this temperature region becomes 20 or less minutes, since the defective 
nucleus of the oxide-film proof-pressure degradation factor slack FPD and a LSTD defect is formed in a 1250 degrees C - 1200 
degrees C temperature region, and a defective nucleus will not fully be formed, Ae defect density of the crystal made as a result 
decreases. 

[0020] Although dispersion in defect density is large on the other hand when the time amount which passes through a 1250 degrees C - 
1200 degrees C temperature region exceeds 20 minutes, there is an inclination for defect density to decrease gradually. Since this had 
the 1250 degrees C - 1200 degrees C temperature region annealed, many defective nuclei are formed, on the whole, defect density 
increases, but what has 1250 degrees C - 1 200 degrees C long pass time serves as little crystal of defect density gradually in order to 
also anneal the temperature region of 1 1 50 degrees C - 1 080 degrees C of the account of back to front and to follow a defective 
dissipating stage. 

[0021] Thus, according to this invention, in order for the crystal defect in a silicon single crystal to have the temperature region which 
is 1250 degrees C - 1200 degrees C which is the temperature in which the nucleus itself is formed quenched, a defective nucleation 
reaction is not enough and the formation is checked. If the defective nucleus is not formed during the crystal, even if what kind of 
things the subsequent heat history, especially the hysteresis of 1 150 degrees C - 1080 degrees C of temperature region slack of a 
crystal defect dissipating stage are, it is possible to decrease the consistency of an absolute crystal defect, and manufacture of the 
silicon single crystal of the high quality excellent in the oxide-film proof-pressure property is attained. Furthermore, in this invention, 
completely conversely, since the conventional method of reducing a raising rate extremely does not need to gather a raising rate 
extremely and does not need to anneal [ and ] a fixed temperature region, it can aim at improvement in the fast productivity of a single 
crystal. 

http://Avww4ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 2/13/2006 



JP,09-202684,A [DETAILED DESCRIPTION] 



Page 3 of 3 



[0022] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained to a detail, referring to a drawing. First, 
drawing 4 explains the example of a configuration of the crystal-pulling equipment by the CZ process. As shown in drawing 4 , this 
crystal-pulling equipment 100 is equipped with the reel style 109 which rotates or rolls round a chamber 101, the crucible 102 
prepared into the chamber 101, the heater 1 05 arranged around a crucible 102, the crucible maintenance shaft 107 and rolling 
mechanism 108 which rotate a crucible 102, the seed chuck 22 holding the seed crystal S of silicon, the cable 1 which pulls up a seed 
chuck 22, and a cable 1 , and is constituted. The quartz crucible 103 is formed in the side which holds the melt L inside a crucible 102, 
and the graphite crucible 104 is formed in the outside of the quartz crucible 103. Moreover, the heat insulator 106 is arranged around 
[ outside ] tihe heater 1 05. Furthermore, since the flow of the gas in a furnace is prepared and reactant gas, such as SiO to generate, is 
discharged effectively, the rectification cylinder 2 may be formed so that a growth single crystal may be surrounded. Moreover, by 
installing the magnet which is not illustrated in the horizontal outside of a chamber 101, and impressing a magnetic field horizontal to 
silicon melt L to it, the convection current of Melt L is controlled and, recently, the so-called MCZ method for measuring the stable 
growth of a single crystal is used in many cases. 

[0023] Next, the single-crystal-growth approach by above crystal-pulling equipment 100 is explained. First, within a crucible 102, the 
high grade polycrystal raw material of silicon is heated more than the melting point (about 1400-degreeC), and is dissolved. Next, the 
tip of a seed crystal S is made contacted or immersed in the surface abbreviation core of Melt L by beginning to roll a cable 1 . Then, 
while rotating the crucible maintenance shaft 107 in the proper direction, single crystal growth is started by rolling round rotating a 
cable 1 and pulling up a seed crystal S. Henceforth, the single crystal rod C of an approximate circle column configuration can be 
obtained by adjusting a raising rate and temperature appropriately. 

[0024] In this case, in order to improve oxide-film pressure-proofing of a single crystal, using as 20 or less minutes time amount which 
passes through a 1250 degrees C - 1200 degrees C temperature region like this invention and to raise the productivity of a single 
crystal by leaps and bounds, it is necessary to compare with the former and to pull up at superhigh speed. Then, while preparing the 
flow of the gas in a furnace and discharging reactant gas, such as SiO to generate, effectively, in order to make it possible to accelerate 
the rate of crystal growth by cooling the growth single crystal C and interrupting the radiant heat to a single crystal, the structure in a 
furnace for carrying out this invention is established so that the rectification cylinder 2 which made the lower limit section approach a 
melt side may surround a growth single crystal. Since the passage is specified, and inert gas, such as Ar introduced from the upper part 
of raising equipment by preparing such a rectification cylinder, flows intensively towards a growth single crystal by the rectification 
cylinder, its effectiveness which cools a crystal is large. And the high-speed growth of a single crystal of such a rectification cylinder 
is attained more from the ability of the radiant heat from a heater etc. to also be cut [ a raw material melt side, a crucible wall, and ] 
further. 
[0025] 

[Example] Hereafter, the example of this invention is shown. 

(Example) With the raising equipment possessing the rectification cylinder shown in drawing 4 , 60kg of raw material polycrystalline 
silicon was charged to the 20 inch quartz crucible, and the diameter of 6 inches and the silicon single crystal rod of bearing <100> 
were raised at the average raising rate of 1 .6 mm/min (body die length of about 85cm of a single crystal rod). The mirror plane wafer 
of a silicon single crystal was produced by cutting down a wafer and performing mirror plane processing from this single crystal rod. 
In this way, measurement of said FPD and a LSTD defect was performed about the mirror plane wafer of the made silicon single 
crystal. The measurement result was shown in the following table 1. In the table, the example of a type of the defect density by the 
conventional CZ process was written together for the comparison. 



[0026] 
Table 11 
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[0027] In addition, this invention is not limited to the above-mentioned operation gestalt. The above-mentioned operation gestalt is 
instantiation, and no matter it may be what thing which has the same configuration substantially with the technical thought indicated 
by the claim of this invention, and does the same operation effectiveness so, it is included by the technical range of this invention. For 
example, in the above-mentioned operation gestalt, although the example was given and explained per when a silicon single crystal 
with a diameter of 6 inches was raised, this invention is not limited to this but 20 or less minutes, then the same operation effectiveness 
are applied also to the diameter of 8-16 inches, or the silicon single crystal beyond it in the time amount which passes through a 1250 
degrees C - 1200 degrees C temperature region. 

[0028] Moreover, with the above-mentioned operation gestalt, in order to make the growth rate of a single crystal into ultra high- 
speed, the rectification cylinder was used, but if this invention is not limited to this but can cover raising or radiant heat for the cooling 
rate of a growth crystal effectively, it will be good also as structure in what kind of furnace. For example, the melt in a crucible and a 
crucible may be covered partially, radiant heat may be intercepted, and since the cooling effect is increased more in the lower limit 
section of said rectification cylinder, a thermal shield may be installed in it. 
[0029] 

[Effect of the Invention] As explained above, FPD of the silicon single crystal manufactured by the CZ process and a LSTD defect can 
be decreased by this invention, and the crystal of the high quality which was excellent in oxide-film pressure-proofing can be obtained. 
And in this invention, since a raising rate is fallen extremely, or a fixed temperature field does not need to be anneal ing-ized etc. but a 
crystal is pulled up at superhigh speed, the productivity of a single crystal can be raised by leaps and bounds. 



[Translation done.] 



http://www4.ipdI.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 2/13/2006 



JP,09-202684,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 1 



* NOTICES • 

JFO and NCZPI are not responsible for any 
damages caused by the use of this translation. 

I .This document has been translated by computer. So the translation may not reflect the original precisely. 
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3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) It is drawing having shown the relation of the crystal location and FPD defect density at the time of making a low 
speed sudden-change-ize a growth rate among crystal growth. 

(b) It is drawing having shown the relation between the distance from the surface of hot water, and crystal temperature. 
[Drawing 2] (a) It is drawing having shown the relation of the crystal location and FPD defect density at the time of making a high 
speed sudden-change-ize a growth rate among crystal growth. 

(b) It is drawing having shown the relation between the distance from the surface of hot water, and crystal temperature. 

[Drawing 3] It is drawing having shown the relation between the pass time from 1250 degrees C to 1200 degrees C, and FPD defect 

density. 

[Drawing 4] It is the cross-section schematic diagram of the crystal-pulling equipment by the CZ process. 

[Description of Notations] 

1 Cable 2 Rectification Cylinder 

22 Seed Chuck 

100 Crystal-Pulling Equipment 1 01 Chamber 

1 02 Crucible 1 03 Quartz Crucible 

1 04 Graphite Crucible 1 05 Heater 

1 06 Heat Insulator 1 07 Crucible Maintenance Shaft 

108 Rolling Mechanism 109 Reel Style 

C Growth single crystal 

L Silicon melt 

S Seed crystal 
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DRAWINGS 



[Drawing 1] 

(i) 
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